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STABILITY-CLASS DETERMINATION:
A CMPARISON FOR ONE SITE

Brent M. Bowen. Jean M. Oewart. and Anita 1. Chen
P. O. 63X 1663

Environmental Surveillance Group (H-6), MS K490
Los Alamos National Lahuratory
Los Alamos, New Mexico 87545

1. INTROIIIICTION

As pdrt of the Environmental
Surveillance Program at the Los Alamos National
Laboratory, meteorological data have hew
collected routinely for over three years. The
data provide a means for predicting airborne
concentrations of radioactive or other h~zardous
mdt.erials from Intential acriclental releasw to
th~ at.m~sphere.

An estimate of horizontal and v~rtical
dispersion of a puff or plumt’ is neertrd to
accurat(!ly predict downwind air conccntrat inns.
Th!l WJ1 1 knnwn Pasqui 11 horizontal ( Oy) and
v~rt ical (02) coefficients arc widely” US(VI a~
di>porsluo estimates and dre includrd in dir
pol Iul il]fl hdn(ihooks such a{ Workbook of
Atmospheric Oisp(!rsion Estim~e~r, 19b9)
and Mrtt?nrolngy anrt At omlc tnpry+ (Sladlj, l’lfdl~.
An ariv,lnt aIIII of Pa\ulJill (ii Spers.un estimatlw Is
l.hdl t.tl(l,y r,lfl IUI JpIil id to kites Wtl{’r{, d I imit.lul
,JWJIIUI of mflttvii”{] lnqi (al rtat a m, aval IJIJIII. Thv
l,\l. imal (),,, h,IL, IIIl 1111 drtudl f Irl(l rxl,l}t’lmflnl s, Cflfl
hr drt I,rmi nr:l IIS ! ng ihv Paiqu i I I ml’! hod l)(l’)fvl tlr}
w) I Jr inw)l ,]1 if]ll ,MIIl wind JPWl, ThII:.11 dJl J C(NI
III) (lilt ivml from 1111,11 N#. iuni!l Wt’~1 II(V SPrv irl}
,,1 A! iljli,, ,

Itll, pllrpl),, (l I)f tills palllv’ l\ to
~ (u’lartl t h,, I’(l’,qlli I I nwl.lu)~l of dot tvwinlnq
,,1 ,!1)1 I it ,y (’ I ,1,1,, cl!d sill’ with Irr!tqlllar tt~rraln
wll h III hi-r I lmmmlnl y lr. I’d mN II I)(I’.: ( 1 ) vI’I’t II dl
I (WIIIIII’JI.IIMI (11 f f {Ii’{,1)[ ‘! ( Al ) , (?) 1{ I cllard”,l)ll Ilunll,l,r

(1{ i ) ,,,,:1 Ih,lk Ri(.ll,wd,,,)r, n,snl),,r (111,,). ,11,,1 (.1)
11,,1.I /{)111 II %1 lllllarll [IW I at Inn (If WI!)(I ( 11,,) d.111
VI,l.1 II ,11 ,,1 ,lfl[l,lr(l (11.v 1,11 11)11 of Wlnll ( ,1$) . AI-II),

t th’ imi irw I mol IMMII, of mvll~urinq t urt~lilonrl). I.111h
,11.:1)1,P(l,.lllll I I 111111III)(I, ,lr II I nmparlvl I 1) dl rm I
m!,,l,.llr(l,, t~: f Iml)Iilot N II, 0,, ,111!1 II

h’
ltli,. ~1,111{,1’

l,, l)!l,!l, [1 1)11 (!1 11(,1 ,,f Illlllw I 11,!! I’ltmllrlt’1, VJ!’ illll,!

‘,1 ,111I I 1! v ml!l ;UIIII, wl!, h t,hII l’ac. IIul I I I;! alI I I It y
111),111(1[1: I 1:,)!1 ,Illfl (:11111’( h ( Iq ‘?) ,111(1 ‘1l’( 1(’! I ,1!1 dllll
11!,11111,1I fi’111[1).

Il. Ml Illl)llld [)(;V

‘, II Illg allll Ill, I rlmll~lll ,11 lolld. -, . . . . . . . . .. . . . . . ..

ltII’ I II’. Al .IIIHI’, N,ll II IIIJ! I Jh(ll’(l! \II Y 1’,

Ill! .11011 1)11 t 1111 11,1, !l!l II 1) PI ill I,dll 1111 I Ill, 1,,1,,1 l,! II
I I ,! Ilk.,. (If ! Ill. ,Ilwltlf f’klllllt ,1111,, . fh!~ ‘iall(ll’1, Ill!

II 1’.111 wlll)lt !1111,. !111, 111,,11’1 y /’() 1111 I 11 t 111, 1,,1,, ! .

11111 l’1 ,11 IiiIll ‘,lllp l.,, f I 1)111 I 111, !),1,,1, (If I 1111 .llYlll,/
f+llllll ,1!11., ( ,“IIH1 W,l ) 1.,1,,1 ,,1)111 Ill,cl,,! will (1 [hlwll ! 1)

the Rio Grande River (-1700 MSL), over a distancu
of 25 km. There we numerous alternating “finger”
mesas and canyons running alonq the slopeline of
tht? Plateau. The canyons arr 50-100 m deep and
200-600 m across, while the mesas vdry in width
from 1OO-2OO m.

The data present~d in this paper werr
COllQCt.d at the Stat(l !-!udd 4 Stat.tO1l. wind
rlirwtion and speed wrrfi mea<urcrt at 1.3, 4.0, and
l?mom; temperature at 1.3 ant 17 m; and solar
radidt inn Jt. 4 m, Th{~ tuwcr stands on Lhv erlqo nf
a smooth, sanrty mesa top. Short #ass and brush
( -0.5 m) and a few junipw and pi on tr~es (-3 m)
:row in thr vicinity. A canyon 60[1 m wi d~’ and
1(X7 m rfw!p I ics ahoul. 5[1 m to the south. Thr slt II
(!ll!vdl inn i% ?100 M!; l.. Thv ntll~tr sit. {,, thv
occupat. ional Ik’alt.h I.dlwlralory (OHI. ), Ila\ d 23 m
tf)wrr (m d (Wlo ~l. nry (4 m) hui ldlnq. ThII hui !dil}q
is %1.’’ roumlrd hy pav[vl p,llk inq lot,~ and a pavwl
roddwny. lk~wuv( v’, pond!~rufd ;~i n~l tr[~[~l, ( i?() m)
~tdrul In all dlI’ioc L lon~, mak Irlq thl~ a roldt iv[’l,y
ruu.lh ,iit~,, In add i t ion, ,1 rlllly~lll apl]l’llx Im{ll t,l,y
~!,[) m wi (III ,lIw1 5;) m rtf)l,p I i 1?,, !“() m t{) t.111’ Sflllt.11 .

Th{l 0111 sit r vlovdt iol! is 7?’)[) MII. , wind
d i rf!ct I 11:1 IIIId \pIII*d drII mt}d’,ur!l!l dl ?.{ m ml
t., wqlordt url, I \ m~,a,,ur~,[l d ?:’ m ,ml 1, ? m. rot ,11

,,11 I ,1!, radlnt, ion II. fllw) mi,a,,urlxl at t,hl, \ II ~,.

1111’nt 1( (1I In$l. rumt’111 II .11 I ho I w() \il t“.
mllll’,ur{t[l I1OP I zonl ,al mlml ipvivl and IIlrtu I Il)n,
Vl,l, t 1( ,11 ,/! 11(1 Vl, ll)(’11 y, (111(1 t Pllqlllr,ll 111”1’. An
anwulnl,l t,,. ml~d~urlxl I.lw, ! hrw I oml; ,)nr, nt,, of 1,111,
Wlll(l, Ihwml ..! ,Ir’, !Iqllippoil wlt h I)ll)wl,ri m~,a,lllr,lll
III!’ al r I Iwqlwdt lirt,. Pyrall(llnl’1 1)1”1 Wf,l.1, IP,IVI 10

m~,a-lllri, t III Al VII ar rml I tat 11111.

R , [),1! ,1—. . ..— —

A yi, ar (}I I!l-mlnlll I, nvIII..l(II,(l

mt’t PIIIII Illqil dl ltcll J (’>11111mnllt Ir Iq}ll -A IHIIIO.I IWI1’)
Wlll”t’ II”. !’(I I 1“11111111)1II ,, I I 1,,, Ill I 11l., j,! (I(ly. I{lt%llll ,,

frIIm ! III’ 0111 \ll r WVI’ ,,lml 1aI I II I Il(},,tt Jl I III,
\l !111, Nlldll 4 \ll 1,: t 111’rl’fl)ro, (Illl,y IIal a f I’(MII ’11 !1! ,,
NII,WI fl Wl,rl, 1111 Illlllvl Ill 1 :Il,t Il,ll)tl”. I ,1( h VIII’ I !!1)1 1,

w,l,. nv,,l.. IIIIvl IIv Iv”y ,1, + \III 011(1,, I)y ,1 I (1,, Al JMIII,
dl, %lqlloll ,111(1 11111It MI( rlllll’(lf 1*,. .. II,’, I Ill,
mlf rIq II III 11.. .. III ,WI. I WI.,, 1~,11 II V!ll I .11) 11, fill 111-

mlllu! r, pllt”l(l [l’., Ill mhlll 1o11, I !I-mtllul 1, ,lVI.I !J!],vl
,,! alldnl’11 IIPV I al 11)11,1 wt,rI, , {Impli! I’11 t[)r I h’ Il. V,
ml U I llmp{lnvnl ,, ~If I hi, WI III!. I III* ,lVIII”!lIII* II

hot I )11111 II! Willll \lWIIsd ,Illlt 1111’vI I 11111, fil I1tt{I WI! tl

t h!’ Ivll’ 1 71)111 fil Wlllll ,.t Illllldl’11 II(W I al 11111, 111,,

WI* I l! I hl~ll I tlmplll 1111 anal yl 1( nl I v f I“llnl I h!’ II and v



components. The standard deviation of the
vertjt ~1 wind direct ion ( 0$) was estimated frOtII

the following:

0$ = a#f.

The Richardson.number (Ri) was calculated frJr the
State Road 4 site at 4.0 m from the temperature
and wind speed at 12.0 and 1.3 m:

Ri=~
T(AU/AZ)2

The Bulk Rich?-dson munber (RiB), or StabilitY
number, WL+S calculated from the upper wind speed
ml both temmrat.ure levels at both the State Road

A ,/’,,
,’

j ‘“
/.

i ‘
/ [;,/,

l}’,
b.
0

fl and (JHL sjle~:

RiB = q
[An/Az)T7

TU ;

, Pdsquill Class Determinationc —

Th!, w,l I1 known Pasoui II categories
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Fiq. 1. CIJmlll al Ivv frllqu~,nc i,)~ nf AT fur (!,l(-ll
Pa\rlu~l st(i~i Iity clh~s,

were rl(,t.mnind from th~ slit facl! wind sp~?d al. lhf~
10 m lPVI’1, tim[~ of da,y (night or dayliqht), and
t ypr dn[l umlunt nf cloud cnvtjr, An nl]ject IVO
method wa~ ustvl in this $tudy to dctermlnc thr

stahl lily cla$”i fur sp(wlfic 15-minlJLl~ perlnd~;
Tal~l(~ 1 SIIIIWL l.his m~ll hod, No!.P ;.11,]1 Al i Lim!j
l)t!rlodf. with wifwl sptwl~ ,. f)mb ,n/\ W(!rt, dl)l ~itll(l

from I 1]0 ,1,1! ,}; t.hvl;i, I I,ltll winfl., occounto~l for

!ll)[ )11! 10% [If all data. Alfu, a !olar r(]ill,~tlon
V(IIIW of 0.()+ ly/will W1l’. llt,lli~ (1’! 1 Llll.llf I f(ll”
(Idyl IMII ,wld Hlqhl I imt~,

lalll~, 1, KIIy I.11 ‘if ,11111 It ,y C,ltl,qor if,,,

nonrly rfi~l. inq,li she< t.hr individual Imst.al)l, (A,
N, C) and stahlr (F, r) (.atvq;)rips. A cumIIld I iv!,
freqllfv]cy of AT for .,,]{ -}] cnt~qnry dlit I,rminml IIV hi

(not shown) Lhnw< ,,iml I dr rvl,ult I, as in riq. 1.

qlli~.h tll II lfl(llvi{liilll IIm,l ,111II! (A, N, (:) aIIIl ,.1 JII III
(l”. I ) cal,’q~,li,”,. N(JI t, I.IUI 1 III’(I,, IIrIIIIII i ml [If
tw!ar [1 vlllu~,,. (Ii Ifl f4Jr l,hiI mill! ral l) ~ ,al ,vlilrv.
Al\ I), fill’ (,,1( 11 f ,11 l,(ll)!.y
val iv’ l:f Ni (-lll.rl!’.ll(lll[l’,

.--T;G.-.m,{;-.. - Nljht..— —-—----

l{ad+n#Y/n:l II )__,— A-[ , I.till /!l’i frl, (pl!kl y
t ,1 11,,!., !hrlll :)111. ffll I )11,

I (“II’ Ill \ll, 1!’)

Will,l
$1)1!1!11
~~1)

l), ’)-?
;) .,,

.1 .’)
j .1,

l-l)

III.

,1,() (),1 ,.[ ),!) NoIIcll IVV PI),, I I IVII
W!”g) (w!) (.’Ah!!f ~ .___!! ___ .__!L _ ‘l\ ’11 l(ll\l

A A II I I
A II 1: [ I
II II [: II I
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I

I

111,} Al 1111,1hll(i i,, I IWIIIIIII y 11,,1,11 ,],. ,1
,,,,,,1 !1111I II y 1!1111( I 111’ arlll l,, 11111,of ,Il,vl,l,!ll Ilkll 111)(1,,
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Al (1 I *,! 11111111,,tll,i, \! ,11) 11,, 11111111,11 p:
,,

ml il 111111, IWWI,II L, III I \ WIII I . I 1!1111 ,, I “
Jl Iv,. fIIIIIIIIIIII v III Al fIII II,!( II

1171111,,, ,, II l,, ( li~,lt 111,11 Al (1 .-w;. f,++ !!1;
Ill

Ill Ill I’. ,.tlllly,
,11111 111),,! ,111l,, ( I
., 1111W. t Ill, t 111!111

1’,1,,11111I I ,,111111
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next nmst stable category. A comparison of
Pasquill categories vs categories determined by Ri
is shown III Table 2. Note the high percentages of
simultaneous occurrences for both methods. The
categories are coinci~ent about 65% of the time
while they are within one category 96% of the
time.

Table 2. Pllrcentage Occurrence of Pasquill

Stability Class vs Stability Class Determineci by
Ri*

Pasuill+ABCDE F
+– — — ‘— ‘–—

Total

+

$ [y) 5.0 3.1 0.1 0.0 0.0 0.0 0.2
-. 1,9 13.5 4.5 0.1 ().1 0.6 20.7

-0.1)
c (-(1.l- (-),(J lm9 7,H 3,9 0.2 I-).3 6.7

-0.05)
D (-O,O!i- O.fI 0.5 ?.6 23.1 ?.5 0.9 37.0

+0.07)
E (0.07- 0.0 I-Inn 0.4 ().3 4.1 5.1 ll,Fl

+().2!))
F (X1.2i) 11.O 0.6 0.1 0.4 4,1 10.6 15.[1
Iot.al m m m T.Tm mm

———-
*rt10 rd:lqr of valur~. fur Ri wrrtl det.l)rmi nml from
t.hi, sl UII,Y,

[tIII Val IIII,, of Ri II\ I*rt III thi s stII,ly t(j

11111[Irmiu[i sldhi I il.,y cdtwprim ar~ Inullr in
alISIll 111,II Vdl IIII t,hdrl ml.y vdl II II\ SIvtll ill Lhr

1 it f,rdl IIrII, Thi\ i\ I*L,pPr 1,11 ly lrur for thu
on’}! AI II catfq(lrivs, IT(,r ,lidllll)l{~, (lhltin~lor,

ltl~ !) sIJq(l[l\l \ ml Iqqw,r I imil for Ri of -S Irlr I,h[,
A I Jl tIIIory c[unpllrwl to -1 in III 1~ St urly.

lllv qond mlrolwwlnl II( I),lsqui I I
1,1 ,11) i I it y f-,11 II flIIry wlt 11 Ni anti 1{1,{ (111)1 %IIIIWII)

ill 1111’, ~1.ud
f.

di I f or~ trom I Ill, l.t,~ull,~ of l. IIIIrl ,wul
(:11111’1II ( l~));~ lhII (Ii I f 111’1111(II III(IY III’ t lldl I.1111

1{ i ,, Wd’1 ( ,111’ 111 ,111111 f 1’(1,11 t I’lnl)l, rdl Ilr’lj (I,II ,1 al :1 m,

4(1 m , ,111[1 fr(ml Wlll(l ,,llol,lt ,11 ml m Irl I Il[Jlr \l Il(ly.

f I),l,,(llli 1 I (1,!1 l,llll,.ii,<. V’. II.,.
~ir:;i. ---- .U

A I rlll. I It-it (If I 111, 11,,1, f 111!1(,,,,, (It
,.1 d! I I 1( \ Ilal Iml’1 Itt”’. l,! t Ill, (11,( 11’1,1,I (1 Whl( h I Illl,y
I WI llrml !I ! I lw II I ,,prlr,. 11111 I dll,lll I I it ,y (If 1,1111
11Iwl,, lltll, rr. III(J ,.1 IIIIIIJI”II (Ilwl al 11111{! of I Ill,

11,,1, i /111)[ ,11 ,]11(1 Vl,ll II d I Wlll(l dlrlv I 11111 ( ,1,,,

,I,f) arIl ,1111,1 I Iv rI*l ,JI 1,11 1,,1 alml,,,llllf,r II

I Ilrl)llllvll l,, IIIPY ,11’1, !!1,,11 I Immlllly 11,,1!(1 ,11.
,,1 !1111I II v lhlwl’!lllvl~ ’1, III!* WI’ (1~1/;J) 11,( (111!11,.,),1..
11’. 111(1 !1 ..llt 1)1 I .Illllll,! Ilf ,1,, !11 (11.1 lll’1 111111. I IIP

\t dill I II y ( ,11 !Illll, ”y, I Iht,w] ,1,, t ht. I w Irllnmwll al
IIII!I III I lI)rl AIItIm V ([ llA) I !’( (Mmn?)ll(l”, t l]r~ li’,tt (If ,,t
Ill IIrl (.111111111I 1111 ..1 ,1111I II y I at 1~11111y ( 1’)110) .

11111 ( Ilmlll ,11 IVP f 1,1,1:111.111 Ill,, of [Ih,, vrvvll

!!,, 1111 !,,1( h Ila,!lllll I I I dl 1,111~1y ,11”1, !Ihlhfll Ill I Ill.

1 III(I 1111,111,111V,lllll-, of ,1,, (11,( 11,,1,,1, ,1,. ! Ill..
11,1,!!1111 I 1 I al Illlllt’y (1111,,. f I’l)m II t{) l), Ilowl.vl.1, t ht.

1!,, Vdllll, ,i !11 t Ildl 1 y IIPI 111111, 1 al (11~1 I(1I Ihv .,1 nlll,l

I ,11 Ilqlll 11,,, I ,111{1 I . Ill I,. l’! (1111! Ill I hl,

!+’AT}: ROAI) 4 (SI,:I’ 8 I P,( (; 1)2)

,/ ,
t

0+, ,,, ,1 1,11,

!) 1(1 20 :!.0 40 50 (30
fl~ IN Dzclltts

Fig. 3, Cumul al ivu frcqucnc ios of 00 fur edch
I’asquill stability clas~.

prwhm.inanc~ of winrl m!~anrlrr duri nq sl.al~l[~

condit ions over lIMI compl icdt~[l t I>rrai n. Evrn fur
thr catqnrics A-D, (JP rlfIIJ\ nut corr:)l ato with

thr l’asqlli 11 cat. !)qorics ii~ w[!ll a~ Ri and Ifill.

For IIach catrqory A-C, thr 65% fr,)quom-y lI?vt~l of
(Jo corrl~spnn[ls with 1111) 35% lPVII1 nf t.h,, m,xl

morv SL(IIIIV cl iIf.\.

Th(, CIImIIl dt iv~’ fr~’qul’nl”y (If u, fIJr
cdch ~1 al)i I ii.y cdl I~qIlr,y ar{} prtl~onl Iv! ‘n t’itl. 4,
Ac. for 11111 ItiIiI, of 110, I hII ml’[li an~ f,lr
rat Iill[lril,:, A-1) ~Frrpa\[. I ini,,lrl,y whi II, r,lt,~~q[]ri(,,,

[ aIIIl I \tl[Jw {wl lrwrvaf[’ ill (1$ ~lv:’r Cdt.o(p)ry 1),
rtll’ ,1~ lll~~lll(ll.llll ‘.1 lqhl IV 1111~I I*r will) LIIIJ
s! ,11)1 til y rdlrvl[)rif~,. I hall ,1,1 (tvor t Ii(’ ml 1-
t,l:.lllll ,11 IV,. f rt,(lli(,ll( y r(lfllll’. AI’, (I, !1[)1 II 1111’wWll ;
,1,: prllllil I ,. A I.! ,lbi’1 ~1 ,y.

WA’I’K ROAl) 41 (SKI’ II I A(l(; fL!\
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II i-
1

, I !
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A big problem in predictin the
“%Pasqu I category Witil ae or -h is wln

meand, . The EPA (1980) has ~, ml a melhod to
accourl L for wind meander when ~ ‘JO to
predict Pasquill category. Tabl, ;hows this
method along with the ranges of o !r each

Table 3. Nighttim Pasquill Sta~i. ‘y
Categories Based on de

and If the ‘hen the
If the me 1(I m speed, ‘ability

stahilit. y class is U, is (m/s) az is

u < 2.9

B (22

c (17

D (12

2.9 < U < 3.6
3.6 ~ U

S > ao~17.!i) u (7.4
2,4 < (j ,: 3-o

3.07U
5 ~ oo~l?.5) u <7.4

2.4 ~ u
5 > oo~7.5) wind s~eed not.

F~

D
F
F
D
E
II

D

considered
F (1,5 ~ ao~3.fl) wind speed not. E

considdrwl
F (3.11 ‘ ‘n) wind spwd nol. F

considered

sl.ahilil.y cldss. Th[! 00 valur+s wuro usd in

determining Pasquill catcqnries accnrdinq to Ibis
met. hod. TahlP 4 shows t.htl results, Not,, th,, qnn(l
c[)rrvl ation Iwlwt’cn cnlncidt’nl on dml I’asllu ill
cdl cqnri[l~. Nrarly 49% of 111(I t.imr hnl.h mol.ho(l~
pr[lducr tlw sam, st~hillt.y c,~Li!qoril)s. Ilnwrvrr,
!hr Iw nwlhnd~ art! tiilhirl 1 cal. mlury Ollnllt OIYA nf
Lhll I Iml}, Th{lrtl Is d l{~rldrnly for U[, lt~
in ~ic,ll.[} ~iiqhtly morr urlsl,d)l(l cnndit. ioni.

Iv. !;IIMMAI{Y ANI) CON(;III’;IONS
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mechanical turbulenc,?p correlate very well with
and distinguish the cilffercnt stability
categories.

The standard deviations of horizontal
(cre) and vertical (o$) wind direction are also

sho~ to be good indicators OF Pasquill Stability
for categories A-D. For stable categories E and
F, both a. and a become larqt’r due to wind
meander. Howeve#’, the good correlation fur an

extends to the stable E and F stability categories
when an EPA proposed method for correcting
nighttim~ wind meander is used.

It is concluded that. the use of Pi,
and u are all rather good

~ia’o” #In lcators of asquill Stability Cdt.egory at a
sitt! with irrequiar terrain. The ranqt?~ of Ri and

Lal]ility ~ldss, howcvlv-, arl~ quit. oR~Puswlfor s’
dl frrent from others in the literaLur~. Thr
Pasquill met.horl, thert?frtru, appears to be a qIMId
indicator of turbul(ncl! over irrequlrr terrdi~.

Dur tu the irru!)ular t~rrain, thr
vdrinus met hnrls of dcl.l~r,rrlninll sl. ahi 1 it,y m,ly Ill,
even hettcr indicator ; of turljul~~nc(l find diffu~iljn
if th(’ win{l dirl’cl. i[ln w(’t.t’ tnkw inlo ac(ntIIll . II

is suqqt?’,tr!rl that furl her \Ludv inv[lsl iq~l(’ III(I
reel. hndi I)y wind dirt’cl ion.

ACkN(IU1.l.llGMl” N[l

WI, wish 10 I.llauk [Iill OII,IIN ftjr hi,,

m(m,v (If f[)rl-s in ni,rinl .Iin!rlq llN’ IIl!ll.,l)ll(ll(l(lil dl
Inil.rimwlll I; dIIIl Ltlwf) r\. HII ,IIW will}] I. I l.hdIIk

K,}lhy [)[)t’[)ll ill f~]t’ hl>r \plIIIlly M(I %klllfll]

prIIparf Il i:ln of thi~ P(IPIII. ihi~ w)rh WIII, 1111111,

undtIr LhII au’,l)irl”) of ltw 11.$. lhIparlIIIIIIIl ‘If

l’III, rdy JIIII 11111 Ihlivllr, iit,y III [LII i Illrlli dl

1111“1 1{1 N(’I ‘;

IIlit, inqm, ~1. A,. lo/i: lIIr I), II IIIIl IV JIIO, II II. ill 111~,

Alm[],,llhl’ri( ‘, IIrl,I(I. I JyI.1, At IIHIo.1111111 it

I nv i ronnlfvl l-. Ill, Ifll -1’)), “—--
..—. . .

111,,,1, N. I . Ilnll Chllrlh, Il. w., 1’1/,’: A I .1111111.11 i,,llll

Of lIIrl II II I’111 I’ 11’11’n,,il y aIId ’11 J)i I II y 1(111 ill
MII,I,, 111111111,IIII> !() p,II, II Il\!l ‘,1 ,Itllllt v (:l.II,,, ISI,.

JIIIIrnal (I( AIIpl iiwl Mrl lv)lu)lo(~, 1 1, ho I (.09.——-— . ..— —... —----- .—. -.. —- .

‘;l,(l! .11,111, I . an,! III* II IIPII , I ,0 111111): A :1111111,1 !’ 1,,1111

[If lIIrl II II II III II Cl ,1”.,.i f II d! i(jil ’11 hIwII~I..
[nvironm,,nl , III, /41- /!\il,

!!!’1l’.’flu:’i! ’.i!

‘,!,! (11,, 11, 11, , Iw)ll: MIII,IIIIIIIIIg~ ,Iltd Al,mli,
Illlwjy. ‘1.’!, fitolllIl Illllllly rlilillliil,lllll; M Hllhl l),
T,’iii).

111!’111,1 , Il. N. , 1’1{1’1: MI Ibl IIIIIh [If AI IIMII, 1111,1 II

Illlfu’ll(]ll I ill imrltl ,, liII!ll, NI,.” “ITW AP ?\, P,,l,li,
mli’”~., vT, ,~.-”’

Il.’, , NIII ]11,11 l{,llllll,!!(ll v [I II, PIIII, I, II III, lil~,’: 11.’,.
Nlfl l{tIj I!l J!II”} ~IIIIIIIh I .,’ 1.

11.’,. lIIVl!’IIIIIIIt IIll II! I’1 1111’t I 11111 AI IIJIII v, I[ll![l:

GIIIIIPI lnr (III Alt [p,ll tly MIIIII.l, , I’I’(, [111,,1’rl
lh. il.,”l~iti,,, fTrrill~ ,ir fii I” nli,ilily Pl,llltilrl,j JIIII

111 ,ilhilll[ i’., lll’’ol’lltlh II ;IIIIII III lIIIIh,


